We use a nonstationary generalization of the higher-order struc- remain to be understood.
X -5 stochastic variability inside the magnetopause up to the largest resolvable scales imposed 67 by a data nonstationarity.
68
The paper has the following structure. The next section briefly summarizes properties of 
Brief theoretical background
The autocorrelation properties of turbulent fluids are commonly described in frames of 80 two complementary statistical formalisms, the Fourier analysis and the structure function 81 approach (Politano and Pouquet [1995] ).
82
The time-domain higher-order structure function (SF) is defined as
in which δB τ are the increments of the studied turbulent field B measured at time lag τ ,
83
· denotes averaging over all pairs of points separated by this lag, and q is the order. The second-order SF S 2 (τ ) plays a special role in statistical mechanics of turbulent media as 88 a proxi to the band-integrated spectrum [Biskamp, 2003] , yielding ζ 2 = β − 1 under the 89 assumption of linear space-time coupling as will be discussed later. 
95
The large-scale region I is dominated by MHD and hydrodynamic energy cascades state [Biskamp, 2003] . The same 5/3 law describes the hierarchy of isotropic turbulent 100 eddies in non-magnetic fluids [Kolmogorov , 1941] . As the wave number grows tending with kinetically-calculated anisotropic pressure tensor [Schekochihin et al., 2007] . In this 105 sub-kinetic regime, the energy cascade continues to be supported by counter-propagating At the ion crossover scales kρ i ∼ 1 and τ ∼ τ i , the kinetic MHD approximation breaks steeper log-log slopes of P (k) and S q (τ ). processes forming the response of Mercury's magnetosphere to the solar wind driver.
149
The following regional identifiers are used throughout the paper: SW1 -unperturbed flank; FTE -one-minute interval involving a flux transfer event 
190
The presence of scaling crossovers is usually evident in both the wave-number and the the ion gyro radius and the ion temperature T i (in energy units):
in which τ i is the ion crossover scale obtained from the temporal SF analysis, e i and we computed a set of SFs according to eq. 1 given in Section 2, with q ∈ {1, 2, 3, 4} and 210 τ < ∆/2.
211
The time-dependent shape of the resulting two-dimensional windowed structure function 
Here,B (t ) = B(t )−φ(t, t , ∆) is the locally detrended magnetic signal, φ is the quadratic the S q (τ ) dependence in the log -log coordinates for each sliding window.
216
To our knowledge, the continuous scalogram technique defined by eq. (4) has not been 217 used in space or turbulence studies before and is introduced in this paper for the first 218 time.
219
In this work, we focus on the analysis of magnetic field modulus fluctuations (B ≡ 220 |B(t)|) providing information on the spectrum of parallel fluctuations of the magnetic field.
221
These fluctuations are known to be sensitive to ion kinetic effects above the ion spectral 
278
Compared to the inbound solar wind region (Fig.4(a) ), the outbound solar wind mea- shock (Fig. 4(d) ) which also contains intense packets of ULF oscillations (Fig. 3 (b-c) ).
314
Hybrid simulations show that downstream of the bow shock, Mercury's plasma is 
fluid crossover such as the one observed in the solar wind (Fig. 4(a) ).
344
The equatorial plasma sheet (same panel, solid green line) displays ion-kinetic turbulent 345 scaling across the entire studied range of τ . This is quite different from the behavior of the 346 terrestrial current sheet outside the reconnection region. In the geotail, the dissipation 347 and kinetic effects usually play a leading role at τ < 1 s while larger scales tend to be in some of the magnetospheric regions discussed above. As expected, the shape of the 422 spectra is consistent with the ion kinetic regime II (see Fig. 1 ) described by β ≈ 2.5, but 423 is statistically less stable than the shape of the SFs in the same range of scales (Fig. 4) .
424
The power spectra do not resolve the fine low-frequency structure of the studied signals 
Quantitative estimates

451
The outbound estimates reveal somewhat hotter plasma environment, possibly due to an 452 extended quasi-parallel foreshock system existing at the dawn side.
453
The magnetosheath plasma estimates vary greatly with time and position as can be 454 expected from the behavior of nonstationary ζ q exponents and the SF scalogram con-455 structed for this region (Fig. 3) . Sundberg et al. the dawn side (see Fig.3(c) ).
473
The conditions at the magnetopause boundary suggest a significant contribution from 474 FLR effects, with the largest ρ i ∼ 0.1R M observed just inside the inbound magnetopause.
475
Due to final gyro orbits, the dusk side magnetopause can be either less stable than the 
500
According to our investigation, the cross-tail current sheet (CCS) plasma population at
501
Mercury can be significantly denser and cooler than the one typically observed at Earth. The size of the gyro radius reported in and is comparable with our density estimate.
530
If the estimates provided in Table 2 are correct, the relatively small ion scales in the adiabatic behavior; for κ < 3, the magnetic moment scattering is responsible for particle 549 injection into the loss cone [Sergeev et al., 1983] , with a possibility of parametric "islands" sheet, consistent with the shape of the SF in this region (Fig. 4(e) ) which reveals a rather 574 limited interval of scales of fluid cascade, if any at all.
575
Conclusion
We have presented the results of a first investigation of magnetic fluctuations in the 576 near-Mercury space environment. Our main findings can be summarized as follows:
577
(1) Turbulent conditions in the solar wind during the studied flyby were close to stan- Table 1 . Intervals of analysis used for computing structure functions in Fig. 4 Time-dependent structure function exponents (ζ1 -black, ζ2 -blue, ζ3 -green, ζ4 -red) estimated within five ranges of temporal scales of B variability. Black arrows show episodes of ULF activity discussed in the text. (c) Continuous second-order SF scalograms ζ2(τ, t) computed for the same signal. The red color corresponds to the fully developed ion-kinetic turbulent cascade with β = 2.5 and ζ2 = 1.5. Black solid line overplotted with the scalogram shows the local proton cyclotron period; dashed-dotted curve is an approximate ion crossover time scale evaluated from on the ζ2 ≈ 2 condition using the SF analysis. The vertical solid, dashed, and dotted lines mark the inbound and outbound positions of the magnetopause, bow shock, and foreshock, correspondingly.
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URITSKY ET AL.: KINETIC-SCALE TURBULENCE AT MERCURY Table 2 . Estimated plasma parameters in selected regions of Hermean magnetosphere: 
